Introduction: Optimal pain management is crucial to the postoperative recovery process. We aimed to evaluate the efficacy and safety of intravenous oxycodone with intravenous fentanyl, morphine, sufentanil, pethidine, and hydromorphone for acute postoperative pain.
INTRODUCTION
The majority of patients who undergo surgical procedures experience acute postoperative pain, with over 80% reporting moderate-to-severe pain [1] . Acute postoperative pain is multimechanistic and may consist of both nociceptive and neuropathic pain [2] . Inadequate postoperative pain control may impede recovery and delay rehabilitation, leading to poor outcomes [3] . Effective pain management is thus central to the postoperative recovery process and can help improve patient comfort, enhance tissue healing, and promote early discharge [4, 5] .
Analgesia administered by the intravenous route is typically used in the early postoperative period when administration by the oral route is less feasible [6] . In the case of moderately severe-to-severe acute postoperative pain, clinical practice guidelines recommend the use of strong opioids such as oxycodone, morphine, fentanyl, or hydromorphone as part of the multimodal analgesic approach [7] [8] [9] [10] [11] [12] . The strong opioids, sufentanil and pethidine, are less widely recommended-sufentanil due to its short duration of action and pethidine due to safety concerns. The unfavorable risk-benefit profile of pethidine has led to a gradual decline of its use for peri-operative analgesia in developed countries [13, 14] . Many government, professional, and accreditation agencies view the use of pethidine as an indicator of poor quality of care [14] ; however, pethidine is still extensively used in regions composed largely of low-and middle-income countries (such as Africa, Eastern Mediterranean, and South-East Asia) [13] .
Pharmacological properties vary amongst strong opioids (Table 1) . Choosing between these opioids is challenging when used for postoperative analgesia as there is little evidence to support the use of one opioid analgesic over another. Intravenous morphine is traditionally the opioid of choice, but oxycodone is being increasingly utilized [15] [16] [17] . Unlike most strong opioids that act primarily through the lopioid receptor to induce analgesia [18, 19] , oxycodone has additional agonistic effects on the j-and d-opioid receptors [20] [21] [22] ; its additional action on the j-receptor has been suggested to be of particular significance for antinociception in the visceral pain system [23] [24] [25] [26] . Some studies also suggest that oxycodone has an enhanced analgesic effect on neuropathic pain [27, 28] . Furthermore, oxycodone has been reported to be faster-acting than morphine [29] , and to provide longer-lasting analgesic effect when compared with fentanyl [30, 31] and morphine [32] .
Given the increasing clinical use of oxycodone for the management of acute postoperative pain, further understanding is needed regarding the efficacy and safety of oxycodone versus other strong opioids. This systematic review aims to summarize and synthesize the findings of recent head-to-head randomized controlled trials (RCTs) comparing the efficacy and safety of oxycodone with other strong opioids (in particular, morphine, fentanyl, sufentanil, hydromorphone, and pethidine) in the management of acute postoperative pain.
METHODS

Literature Search Strategy
A search of PubMed, Cochrane Library, and EMBASE databases was conducted for studies published from 2008 through 2017 that evaluated the acute postoperative analgesic efficacy of the parenteral oxycodone compared with morphine, fentanyl, sufentanil, pethidine, or hydromorphone. The search terminology included a variety of terms and medical subject Table 1 Pharmacological properties of oxycodone, morphine, fentanyl, sufentanil, pethidine, and hydromorphone Oxycodone [21, 22, [53] [54] [55] [56] [57] [58] Morphine [59] [60] [61] Fentanyl [59, [61] [62] [63] Sufentanil [64] [65] [66] [67] Pethidine [61, [68] [69] [70] Hydromorphone [71, 72] The bibliographies of included articles were also screened for potentially relevant publications.
Selection of Studies
All articles identified in the search were screened by title and abstract for relevance. Following the initial screening, the full-text articles of potentially relevant publications were evaluated for inclusion in the review. Articles were included if they fulfilled all of the inclusion criteria and contained none of the exclusion criteria. Inclusion criteria were as follows: RCTs; adult patients (C 18 years of age) with postoperative pain; administration of analgesics after operation; treatment with intravenous oxycodone and either intravenous morphine, fentanyl, sufentanil, pethidine, or hydromorphone; and published between 2008 and 2017 (inclusive). Exclusion criteria were as follows: non-human studies; treatment with modified release formulations (e.g., controlled-release morphine, transdermal fentanyl); interventions used to treat pre-existing pain other than the acute postoperative pain; interventions used as pre-emptive analgesia or rescue therapy; nonEnglish articles; and pediatric patients.
Assessment of Study Quality
The quality of included studies was assessed using the Jadad scale, which assesses each study according to three main categories: randomization (2 points), blinding (2 points), and attrition (1 point). Each included study was scored from 0 (lowest quality) to 5 (highest quality), depending on method of randomization, blinding, and description for attrition. Studies which scored four or more points were considered to be of high-quality. This article is based on previously conducted studies and does not contain any studies with human participants or animals performed by any of the authors. Figure 1 shows the flow of the screening and evaluation process. The systematic literature search identified 450 publications. Ten studies met the eligibility criteria. One additional study recently published was included based on experts' recommendation after the search was conducted. No additional studies were identified from the bibliographic search of relevant articles.
RESULTS
Study Inclusion
Of the 11 included studies, six compared oxycodone with fentanyl, two compared oxycodone with morphine, and three compared oxycodone with sufentanil. No studies comparing oxycodone with pethidine or hydromorphone were identified from the literature search.
Study Characteristics and Findings
Characteristics of all the included studies such as reference (year), country, type of surgery, study duration, route of administration, treatment groups, dose conversion ratio, and reported outcomes are presented in Table 2 . Specific study characteristics are detailed in the following sections accordingly. Key findings of the included studies are summarized in Table 3 .
Oxycodone vs. Fentanyl
Six studies involving a total of 466 patients from the Republic of Korea, China, and Denmark, compared oxycodone with fentanyl for acute postoperative pain ( Table 2) . Surgical procedures included laparoscopic hysterectomy [33] [34] [35] , laparoscopic myomectomy [35] , laparoscopic cholecystectomy [30, 31] , and gastrointestinal laparotomy [36] . The follow-up duration in all studies was 48 h after surgery, except for the study by Koch et al. [30] , which monitored patients until discharge from the post-anesthesia care unit. Opioids were administered via intravenous patient-controlled analgesia (IV-PCA) [31, [33] [34] [35] [36] , and IV bolus [30] . The dose conversion ratios used for oxycodone 
Efficacy: Pain Intensity
Oxycodone exhibited greater analgesic efficacy than fentanyl, especially at earlier time points. In three studies, pain relief was significantly better with oxycodone than with fentanyl from as early as 30 min after surgery [30, 33, 36] . Pain relief remained significantly better with oxycodone for 24 h [33] to 48 h after surgery [36] , or until discharge from the post-anesthesia care [30] . Two studies reported significantly better postoperative pain relief with oxycodone compared with fentanyl between 4 and 8 h after surgery [34, 35] , however, no significant analgesic difference between groups was observed thereafter. The remaining study by Hwang et al. found comparable pain scores between oxycodone and fentanyl at rest and during coughing from 4 h to 48 h during the postoperative period [31] .
Efficacy: Analgesic Consumption
Amongst the five studies that used IV-PCA, four reported on the quantity of opioid consumed [31, [33] [34] [35] . All four studies that used dose conversion ratios (oxycodone:fentanyl) between 60:1 and 100:1 observed significantly less analgesic consumption with oxycodone than with fentanyl during the first 48 h after surgery [31, [33] [34] [35] . Of three studies which evaluated analgesic consumption at various time points during the 48-h postoperative period [31, 33, 34] , two reported significantly lower cumulative IV-PCA volumes with oxycodone than with fentanyl from 8 to 48 h [31, 33] , however, no significant difference was reported between groups during the first 4 h after surgery [31, 33, 34] .
Three studies reported data on the use of additional/rescue analgesics during the postoperative period. Of these, two found that the use of rescue analgesics was significantly more frequent with fentanyl than with oxycodone [33, 34] , whereas one found no significant difference between these agents [36] .
Safety: Side Effects
Six studies compared the common opioid-related side effects of oxycodone with those of fentanyl in acute postoperative pain management. Overall, there was a tendency towards a lower occurrence of some side effects with fentanyl than with oxycodone (Table 3) . It should be noted, however, that none of the studies were specifically designed to assess differences in side effects between opioid groups and are thus likely underpowered (i.e., inadequate sample size) to do so.
Nausea
All except one study [21] administered antiemetics before the end of surgery as prophylaxis against postoperative nausea and vomiting. Antiemetics were also provided in the postoperative care unit in all but one study [23] . Although most of the patients in these studies would have received antiemetic treatment at the end of surgery, at least 10% of patients in both treatment groups still experienced postoperative nausea and vomiting.
The overall incidence of postoperative nausea with oxycodone ranged from 14.8 to 53.7%, while that with fentanyl ranged from 10.3 to 35% across four studies [30, 31, 35, 36] . Three of these studies reported higher incidences of nausea with oxycodone than with fentanyl, but these differences were not statistically significant [30, 35, 36] . Three other studies that evaluated the incidence of nausea at various time points showed a significantly higher incidence of nausea with oxycodone than with fentanyl starting from as early as 2 h [33] and 4 h [34] after surgery, and between 6 and 24 h after surgery [23] .
Vomiting
The incidence of postoperative vomiting with oxycodone ranged from 3.7 to 14%, while that with fentanyl ranged from 3 to 5% across three studies [30, 35, 36] . Vomiting associated with oxycodone occurred significantly more frequently than with fentanyl at 8 h postoperatively [34] . The incidence of vomiting with oxycodone and fentanyl was found to be comparable by Ding et al. (3.7 vs. 3.4%) [36] , and by Kim et al. at all-time points [33] . Hwang et al. noted no reports of vomiting with either treatment [31] .
Pruritus
The incidence of pruritus with oxycodone ranged from 2.4 to 14.0%, while that with fentanyl ranged from 4.8 to 10.0% across three studies [31, 33, 34] . Hwang et al. reported a lower incidence of pruritus with oxycodone than with fentanyl (2.4 vs. 7.5%), but this result was not statistically significant [31] . A higher incidence of pruritus was observed with oxycodone than with fentanyl by Kim et [33] ), but these differences were not statistically significant.
Sedation
Sedation was assessed in all studies, but Hwang et al. did not report incidence rates of sedation in their study [31] . The incidence of sedation with oxycodone ranged from 11 to 38%, while that with fentanyl ranged from 3.2 to 69.0% across five studies [30, [33] [34] [35] [36] . Only Ding et al. found the incidence of sedation with fentanyl to be significantly higher than that with oxycodone (69 vs. 11%) [36] . The other five studies found sedation levels to be comparable between oxycodone and fentanyl [30, 31, [33] [34] [35] .
Dizziness
Four studies assessed the incidence of dizziness [33] [34] [35] [36] . The incidence of dizziness with oxycodone ranged from 22.2 to 67.1%, while that with fentanyl ranged from 10 to 25.3% across four studies [33] [34] [35] [36] . Two studies found dizziness with oxycodone to be significantly higher than with fentanyl [34, 35] , while two other studies found comparable incidences of dizziness between groups [33, 36] .
Respiratory Effects
There were no reports of respiratory depression with either treatment in all four studies that evaluated respiratory effects [31, 33, 34, 36] . Additionally, respiration rate over 48 h was found to be comparable between treatment groups [36] .
Other Side Effects
Three studies assessed the incidence of headache. The incidence of headache with oxycodone ranged from 13.3 to 19.0%, while that with fentanyl ranged from 3.0 to 14.3% across three studies. Park et al. reported a higher incidence of headaches with oxycodone than with fentanyl (19 vs. 3%), but this difference was not statistically significant [35] . The other two studies reported comparable incidences of headache with oxycodone and fentanyl [33, 34] .
Hwang et al. [31] also assessed the incidence of shivering. In the oxycodone group, only one patient (2.4%) experienced shivering while none in the fentanyl group experienced shivering [31] . This difference between treatment groups was not statistically significant.
Patient Satisfaction
Five of six studies that compared oxycodone with fentanyl evaluated patient satisfaction. The proportion of patients who were satisfied with oxycodone ranged from 53.0 to 82.9%, while that for patients who were satisfied with fentanyl ranged from 55.2 to 85.7% across four studies [31, 33, 34, 36] . Park et al. found that satisfaction with pain control at 6 h after the surgery was significantly higher with oxycodone than with fentanyl [mean (SD) 3.9 (1.0) vs. 3.2 (1.1); P \ 0.05], although satisfaction at other time points was comparable [35] . On the other hand, Kim et al. reported higher patient satisfaction with fentanyl than with oxycodone at 48 h (85.7 vs. 53.0%) [34] . The remaining three studies did not find any significant differences in patient satisfaction between treatment groups [31, 33, 36] .
Oxycodone vs. Morphine
Two studies involving a total of 135 patients from Denmark and Norway compared oxycodone with morphine for acute postoperative pain (Table 2) . Surgical procedures included percutaneous nephrolithotomy [37] and laparoscopic supracervical hysterectomy or laparoscopic total hysterectomy [32] . Study durations were 4 h [37] and 24 h [32] . Opioids were administered via IV [37] and IV-PCA [32] routes. The dose conversion ratio used for oxycodone to morphine was 1:1 in both studies [32, 37] . Outcomes collected for efficacy included pain intensity at rest and during movement or coughing; those for safety included side effects such as nausea, vomiting, sedation, and dizziness; and patient satisfaction.
Efficacy: Pain Intensity
Both studies compared the analgesic effect of oxycodone with morphine for the management of acute postoperative pain. One of these studies found comparable analgesic effect between treatment groups [37] . Another study reported less pain on coughing with oxycodone than with morphine during the first postoperative hour [32] .
Efficacy: Analgesic Consumption
Both studies compared the analgesic consumption of oxycodone with morphine for managing postoperative pain. One of these studies found comparable opioid consumption between treatment groups [37] ; although the mean time to first opioid dosing with oxycodone tended to be shorter than with morphine, the difference was not statistically significant [37] . The remaining study found significantly less cumulative oxycodone consumption compared with morphine consumption [mean (SD) 13.3 ± 10.4 mg vs. 22.0 ± 13.1 mg; P = 0.001) and significantly longer mean time from emergence to first use of PCA with oxycodone than with morphine (20 min vs. 16 min; P = 0.038) [32] .
Safety: Side Effects
Both studies compared the incidence of common opioid-related side effects of oxycodone with morphine for the management of acute postoperative pain. Overall, the tolerability profile was comparable (Table 3) . It should be noted, however, that none of the studies were specifically designed to assess differences in side effects between opioid groups and are thus likely underpowered (i.e., inadequate sample size) to do so.
Nausea
Antiemetics were administered as prophylaxis for postoperative nausea and vomiting in the two studies [32, 37] . Despite antiemetic prophylaxis, at least 15% of patients in both treatment groups still experienced postoperative nausea and vomiting. Pedersen et al. reported a significantly higher incidence of nausea with oxycodone than with morphine (55 vs. 23%) [37] , whereas Lenz et al. reported no significant differences between treatment groups [32] .
Vomiting
In the study by Pedersen et al., the incidence of vomiting between treatment groups was comparable at 9% [37] . The study by Lenz et al. also reported no significant differences between treatment groups [32] .
Pruritus
Pedersen et al. reported no incidence of pruritus in either treatment group [37] . Although no data for the incidence of postoperative pruritus was provided, Lenz et al. noted comparable incidences of pruritus between both treatment groups [32] .
Sedation
Lenz et al. reported that the overall incidence of postoperative sedation was significantly lower with oxycodone than with morphine (P \ 0.05) [32] . Pedersen et al. noted comparable incidence of sedation between treatment groups (oxycodone: 86% vs. morphine: 73% [37] ).
Dizziness
Dizziness was only assessed in the study by Pedersen et al. and the incidence was found to be comparable between treatment groups (oxycodone: 59%; morphine: 50%) [37] .
Respiratory Effects
Respiratory effects were only assessed in the study by Pedersen et al. and the incidence was found to be comparable between treatment groups (oxycodone: 41.0%; morphine: 23.0%) [37] .
Patient Satisfaction
None of the included studies evaluated patient satisfaction.
Oxycodone vs. Sufentanil
Three studies involving a total of 287 patients from China compared oxycodone with sufentanil for acute postoperative pain (Table 2) . Surgical procedures included Cesarean section [38] , laparoscopic radical gastrectomy [39] , and laparotomic or endoscopic elective abdominal surgery [40] . Study durations were 24 h [30] and 48 h [38, 40] . Opioids were administered via IV-PCA in all three studies. The dose conversion ratios used for oxycodone to sufentanil were 1000:1 [38, 40] and 500:1 [39] . Outcomes collected for efficacy included pain intensity (at rest and during movement or coughing) and analgesic consumption [38, 40] ; those for safety included side effects such as nausea, vomiting, sedation, dizziness, and patient satisfaction.
Efficacy: Pain Intensity
All three studies compared the analgesic effect of oxycodone with sufentanil for managing acute postoperative pain (Table 3) . Wang et al. [39] and Han et al. [40] found that oxycodone and sufentanil provided comparable postoperative analgesia. However, in Nie et al., uterine cramping pain scores and pain during movement were significantly lower with oxycodone than with sufentanil at all time points after Cesarean delivery [38] .
Efficacy: Analgesic Consumption
All three studies compared the analgesic consumption of oxycodone with sufentanil for managing acute postoperative pain. All studies demonstrated significantly higher consumption of sufentanil PCA doses than of oxycodone PCA doses [38] [39] [40] .
Safety: Side Effects
All three studies compared the common opioidrelated side effects of oxycodone with those of sufentanil for managing acute postoperative pain. In two studies, safety outcomes were comparable between oxycodone and sufentanil [38, 39] , whereas in the study by Han et al., there was a tendency towards a lower occurrence of side effects with oxycodone than with sufentanil [40] (Table 3 ). It should be noted, however, that none of the studies were specifically designed to assess differences in side effects between opioid groups and are thus likely underpowered (i.e., inadequate sample size) to do so.
Nausea
Antiemetics were administered as prophylaxis against postoperative nausea and vomiting in the studies by Nie et al. [38] and Wang et al. [39] , but not in the study by Han et al. [40] . Despite antiemetic prophylaxis, some patients still experienced postoperative nausea and vomiting.
All three studies assessed the incidence of nausea for oxycodone and sufentanil. In the study by Han et al., the incidence of nausea was assessed at three time points: 3, 24, and 48 h [40] . At all time points, the incidence of nausea was significantly lower with oxycodone than with sufentanil [40] . By contrast, Nie et al. and Wang et al. showed that there was no statistically significant difference in the incidence of nausea between oxycodone and sufentanil (0.0 vs. 16.7% [38] ; and 12 vs. 16% [39] , respectively).
Vomiting
In the studies by Nie et al. [38] and Wang et al. [39] , no patients on oxycodone reported vomiting. There were no reports of vomiting with sufentanil by Nie et al. [38] ; however, 4% of patients who received sufentanil in the study by Wang et al. experienced vomiting [39] . In the study by Han et al., the incidence of vomiting was assessed at three time points: 3, 24, and 48 h [40] . At 3 and 24 h, the incidence of vomiting was significantly lower with oxycodone than with sufentanil.
Pruritus
There were no reports of pruritus with either oxycodone or sufentanil in the study by Nie et al. [38] . Wang et al. noted no reports of pruritus with oxycodone; however, one of 25 patients (4%) who received sufentanil experienced pruritus [39] . In the study by Han et al., the incidence of pruritus was assessed at three time points: 3, 24, and 48 h [40] . At all time points, fewer patients on oxycodone experienced pruritus than those on sufentanil; however, this difference was not significant.
Sedation
Wang et al. noted no reports of sedation with oxycodone; however, one of 25 patients (4%) who received sufentanil experienced sedation [39] . All patients in the Nie et al. study experienced light sedation (Ramsay sedation score of 2), regardless of treatment with oxycodone or sufentanil [38] . None of these results were statistically significant. The incidence of sedation was not assessed by Han et al. [40] .
Dizziness
Reports on the incidence of dizziness in two studies were conflicting. Nie et al. noted that three patients (10.3%) experienced dizziness with oxycodone, whereas no patients on sufentanil experienced this side effect [38] . In contrast, the other study reported 12% of patients on sufentanil experienced dizziness compared with 8% of those on oxycodone [39] . None of these results were statistically significant.
Respiratory Effects
Respiratory depression was assessed in two studies. Nie et al. reported that no patients in either treatment group experienced respiratory depression [38] . Han et al. reported that throughout the study, only one patient treated with sufentanil experienced respiratory depression at 3 h, whereas no patients treated with oxycodone experienced respiratory depression at any time points (3, 24 , and 48 h) [40] .
Other Side Effects
Hypotension and hypoxemia were assessed by Nie et al.; no patients in either treatment group experienced hypotension or hypoxemia [38] .
Patient Satisfaction
All three studies compared patient satisfaction between oxycodone and sufentanil for managing acute postoperative pain. All studies demonstrated greater patient satisfaction with oxycodone than with sufentanil [38] [39] [40] ( Table 3) .
Quality of Included Studies
The quality of included studies is summarized in Supplementary Table 2 . Overall, ten of the 11 included studies were considered to be of high quality.
Of the six studies comparing oxycodone with fentanyl, five scored at least four points. All six studies mentioned randomization [30, 31, [33] [34] [35] [36] , and five mentioned blinding [30, 31, [34] [35] [36] , although two studies and one study had not described the methods used for randomization [31, 33] and blinding [33] , respectively. Attrition was described in five of six studies [30, 31, [34] [35] [36] .
All studies comparing oxycodone with morphine and sufentanil scored at least four points, which was considered to be of high quality. Attrition was not described by Wang et al. [39] .
DISCUSSION
The aim of this review was to assess the efficacy and safety of intravenous oxycodone compared with fentanyl, morphine, sufentanil, pethidine, and hydromorphone for the management of acute postoperative pain. While a number of head-to-head RCTs were retrieved for oxycodone vs. fentanyl, oxycodone vs. morphine, and oxycodone vs. sufentanil, none were found for oxycodone vs. hydromorphone and oxycodone vs. pethidine. Despite the heterogeneity of the included studies (in terms of types of surgical procedures, study procedures, additional analgesia, and assessment methods), there were some consistencies in the results reported by the majority of the studies regarding the efficacy and safety of oxycodone compared with the other strong opioids.
Oxycodone appears to provide better analgesia than fentanyl, especially in the early postoperative period. The lower oxycodone consumption reported is important given the emphasis on opioid-sparing regimens in Enhanced Recovery After Surgery programs [41] . Safety reports, however, suggest a tendency towards more side effects with oxycodone, particularly central nervous system side effects such as nausea and dizziness. These findings indicate that the doses of oxycodone and fentanyl used were unlikely to be equi-analgesic. The dose conversion ratios between oxycodone and fentanyl used in the included studies varied from 60:1 to 100:1, likely due to the lack of standard guidelines for equi-analgesic conversion doses of the two opioids [42, 43] . Closer examination of studies that used dose ratios at the lower end of spectrum (i.e., 60-75:1) still show better analgesia and a tendency towards more side effects with oxycodone, indicating that the appropriate equi-analgesic dose ratio is likely to be less than 60:1. Further studies are warranted to fine-tune and determine the equianalgesic doses of intravenous oxycodone and intravenous fentanyl.
For the comparisons between oxycodone and morphine, analgesic efficacy and tolerability profile appear to be comparable. Given that the dose conversion ratios of oxycodone to morphine used were 1:1 in all the included studies, the findings suggest that oxycodone and morphine are equipotent, contrary to what other reports indicate [44] . Findings from older studies of oxycodone vs. morphine for postoperative pain management also demonstrated equipotency between the two opioids [45, 46] . One of the two included studies did however notice significantly less analgesic consumption and sedation with oxycodone than with morphine. These findings were consistent with that by Kalso et al., where oxycodone was found to be faster-acting and to cause less sedation than morphine [45] . The lower oxycodone consumption may be due to faster blood-brainbarrier transport and thus more rapid onset of analgesic action compared with morphine [47, 48] . The active metabolite of morphine, morphine-6-glucuronide, is thought to be responsible for increased sedation, drowsiness, nausea, vomiting, and respiratory depression [49] . The studies included in this review did not assess patient satisfaction; however, findings from a study of epidural oxycodone (off-label use) vs. morphine suggest similarity in patient satisfaction between these opioids [50] .
The findings of all three studies, which compared oxycodone with sufentanil for acute postoperative pain, suggest that oxycodone provides better analgesia with higher patient satisfaction. Analgesic consumption of oxycodone was lower than sufentanil when the dose conversion ratio used was 500-1000:1. The differences in analgesic consumption are likely due to the pharmacological properties of the opioids, where the longer duration of action of oxycodone compared to sufentanil reduced the need to re-dose IV-PCA as frequently [51, 52] . The lower rate of re-dosing IV-PCA may also have resulted in greater overall patient satisfaction with oxycodone.
The mechanistic actions of the opioids should be considered when interpreting the findings on postoperative pain and side effects.
Oxycodone is a l-receptor agonist; activity on the j-opioid receptor has been demonstrated in animal studies [20, 21] . Oxycodone has weaker l-receptor affinity than morphine, fentanyl, and sufentanil, which may mitigate gastrointestinal side effects caused by l-receptor agonism [19, 51] . Nonetheless, common opioidrelated side effects such as nausea and vomiting are known to be dose-dependent and are reversible with dose tapering and/or effectively managed with standard symptomatic treatment (e.g., antiemetics). Available literature suggest that oxycodone has a different pharmacological profile compared to that of morphine and that it is more effective in attenuating visceral pain [24, 25] . This property (i.e., better antinociception in visceral pain) could give oxycodone an advantage over other opioids after surgeries in which a large component of the patient's overall postoperative pain is visceral pain. In fact, this was the basis for investigating oxycodone in many of the included studies [30, 32, [36] [37] [38] [39] . Some studies also suggested that oxycodone has an enhanced analgesic effect on neuropathic pain [27, 28] . Nonetheless, acute postoperative pain often involves multiple mechanisms; better designed studies are needed to confirm the clinical superiority of oxycodone over other strong opioids in treating the visceral and neuropathic components of acute postoperative pain.
Our systematic review revealed significant variability in the incidence of side effects for the respective opioids across studies. Efficacy findings were also not always consistent. Several factors may be responsible for this inconsistency. First, the studies were heterogeneous in terms of surgery types, which includes minimally invasive laparoscopic procedures, to open procedures (e.g., Cesarean section), and to even more invasive surgeries such as total hip replacement. The efficacy and need of opioids to relieve pain after minimally invasive surgery are clearly different from that after more invasive procedures. The postoperative pain intensity after laparoscopic surgeries (as were most studies) may be too low to detect significant differences in pain scores or opioid consumption. Doses of opioids used would also be lower, thus side effects may not appear as frequent or severe. Secondly, in a few studies, nurses administered opioids in pre-determined volumes rather than via IV-PCA as is used in the majority of the studies. In studies that used IV-PCA, PCA program settings were not uniform in terms of bolus doses, background infusion doses (or the lack thereof), and lockout intervals. These discrepancies may have an effect on efficacy and safety outcomes and patient satisfaction. Thirdly, pain assessment scales used varied among studies (e.g., VAS, NRS 0-10, NRS 0-100) and are likely to differ in sensitivity. Some studies did not specify the method of pain assessment. Finally, side effects may be underestimated in studies that collected safety data based on patient self-reports and observations by investigators rather than via specific queries by trained healthcare professionals. All these factors precluded pooling of the data across studies in a meta-analysis. Additionally, it should be noted that all the included studies were not specifically designed to assess differences in side effects between opioid groups. Future studies with sufficient power to compare safety endpoints may thus be important.
Our systematic review of literature published over the last 10 years found only a handful of head-to-head studies comparing oxycodone with morphine, fentanyl, and sufentanil for managing acute postoperative pain. Notably, there were no head-to-head studies of oxycodone vs. pethidine or hydromorphone for the same indication during the same search period. More evidence from high-quality RCTs would be welcomed. If greater alignment in opioid administration and efficacy/safety assessment methods can be achieved in future studies, a meta-analysis may be possible to further clarify the role of oxycodone compared with the other opioids in managing acute postoperative pain.
CONCLUSIONS
Prompt and adequate postoperative pain management is crucial to a patient's postoperative recovery process. Oxycodone is known to be effective in the treatment of nociceptive, visceral, and neuropathic pain and is increasingly being used as a postoperative analgesic. The intravenous route is typically used in the immediate postoperative period, and conversion to oral oxycodone is initiated once oral intake of analgesia is possible. Our findings suggest that intravenous oxycodone provides superior efficacy to both fentanyl and sufentanil, and comparable efficacy to morphine with less cumulative dose consumption and less adverse events such as sedation. In some cases where oxycodone was more effective, a tendency towards more side effects was noted. Preemptive treatment of side effects and/or finetuning of doses where necessary could help to manage side effects and maximize clinical benefits. No studies comparing intravenous oxycodone with pethidine or hydromorphone were identified in this review.
The findings of this systematic review of head-to-head trials add to current evidence of the use of intravenous oxycodone for postoperative pain management, and support its integration into a multimodal analgesic approach for optimal pain management.
